Few studies have reported the safety and efficacy of hybrid surgery (HS), and some of the studies comparing HS with ACDF have reported conflicting results. We conducted this meta-analysis to clarify the advantages of HS in the treatment of multilevel cervical spondylosis.
Background
With successful fusion rates and satisfactory clinical results, anterior cervical discectomy and fusion (ACDF) is a standard technique for treating cervical disc disease [1, 2] . Although ACDF is the most widely accepted procedure, with further study and extension of follow-up time, certain questions have arisen. The surgical procedure relieves symptoms but deprives patients of surgical-segment motor function, which may cause or accelerate adjacent segment degeneration (ASD). ASD is a common complication of ACDF, especially in long-term fusion, affecting approximately 25% of patients within 10 years after the initial surgery [3] .
With advances in surgical techniques, artificial arthroplasty was developed and used for the treatment of cervical disc disease, gaining widespread popularity. Artificial disc replacement (ADR) is used in the surgery procedure, which largely retains the cervical spine range of motion. Although the results of artificial arthroplasty are less established, the technique is beneficial in terms of preserving the motion of the cervical spine and reducing degeneration of adjacent levels [4, 5] , especially in multilevel surgeries [6, 7] . However, some studies reported that prosthesis implantation may require a longer procedure, which can lead to the possibility of increasing blood loss and wound complications [8] [9] [10] . Furthermore, compared with the broad indications of ACDF, use of ADR is limited to a more stringently selected group of patients.
Hybrid surgery (HS) incorporates ACDF and artificial arthroplasty by combining the advantages of these 2 technologies, thus retaining cervical spine motion as much as possible without prolonging the operation time or increasing complications. To obtain a reliable conclusion to the existing controversial situation, we performed a meta-analysis to compare the operation time, blood loss, evaluation of clinical outcomes, and radiographic evaluation between HS and ACDF.
Material and Methods

Literature search strategy
Electronic databases PubMed, MEDLINE, and CNKI (China National Knowledge Infrastructure, a widely used search engine in China) were searched for relevant reports published up to October 2015. The following keywords or phrases were used: "hybrid surgery" or "arthroplasty or prosthesis or (disc replacement) combine fusion or ACDF or (anterior discectomy and fusion)" and "cervical". There was no restriction on language. We screened the reference lists of all eligible articles manually to find more papers.
Inclusion and exclusion criteria
Inclusion criteria were: (1) all patients were diagnosed as having multilevel cervical spondylosis and had undergone an anterior procedure; (2) studies involving the comparison between HS and ACDF; (3) a clear assessment of surgical results; and (4) available data could be obtained from the literature included, or obtained by calculation. Exclusion criteria were: (1) the study involved corpectomy; (2) the study was a review article, case report or conference article; (3) it was an experimental in vitro or biomechanical study; (4) the study reported on special populations (e.g., elderly, infants, pregnant women); or (5) the full text was not available.
Study selection
We reviewed the titles and abstracts to find papers that met the inclusion criteria. In the presence of uncertainty regarding the relevance of a paper, a full-text assessment was conducted. Because the data used for this study were retrieved from the literature, we did not need to obtain approval from our Ethics Committee.
Data extraction
Two authors independently extracted the following data from each included study: operation time, blood loss, complications, preoperative and postoperative visual analogue scale pain score (VAS), preoperative and postoperative neck disability index (NDI), preoperative and postoperative Japanese Orthopedic Association (JOA) score, preoperative and postoperative C2-C7 range of motion (C2-C7 ROM), preoperative and postoperative adjacent segment range of motion (superior adjacent segment ROM and inferior adjacent segment ROM), and Odom score. The following data were recorded: first author, publication date, mean age, sample size, length of follow-up, major evaluation index, and prosthesis type. These data were then compiled into a standard table. Any disagreement was resolved by consultation with an arbiter.
Validity assessment
We performed the quality assessment based on the Cochrane risk of bias assessment tools for randomized trial and the Newcastle-Ottawa quality assessment scale (NOS) for nonrandomized trials [11] . Any disagreements were resolved by discussion.
Statistical analysis
Statistical analysis was performed with Review Manager 5.2 and Stata 12.0 software. Standard mean differences (SMDs) and corresponding 95% confidence intervals (CIs) were used 4058 to measure the major outcomes of the 2 surgical approaches. Homogeneity testing was performed using the I 2 statistic. A fixed-effects model was used to combine the SMDs in the absence of heterogeneity (I 2 £50%); otherwise, a random-effects model was used. Additionally, we performed a sensitivity analysis to assess the effect of a single study on the overall estimate by removing each study included, one at a time. For detecting potential publication bias, we performed Begg's and Egger's tests; in the present study, this result was considered as statistically significant if the p-value was less than 0.05.
Results
Characteristics of selected studies
Initially, 404 records were retrieved according to the search strategy. Among these, 90 reports were excluded as duplicate studies. In total, 307 reports were excluded for not meeting the HS -hybrid surgery of anterior cervical discectomy and fusion combine with artificial arthroplasty; ACDF -anterior cervical discectomy and fusion. 
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inclusion criteria after review of the title, abstract, or full text. After the review, 7 studies were included [12] [13] [14] [15] [16] [17] [18] (Figure 1 ). No additional study was obtained after review of reference lists. Seven eligible studies (1 RCT and 6 non-RCTs) consisting of 240 patients with cervical spondylosis (HS group, 114; ACDF group, 126) were published between 2009 and 2015. The average age of the patients was between 44.2 and 56.4 years. The general data of the included studies are summarized in Tables 1 and 2 .
Risk of bias assessment
Only 1 RCT was conducted using quality assessment based on Cochrane risk of bias assessment tools. Randomization was conducted using the odd or hospital number, which prompted a high risk; adequate concealment of allocation was hard to guarantee or was unclear ( Figure 2 ). Six non-RCTs used NOS and all scores were greater than 7, showing higher quality (Table 3 ). 
META-ANALYSIS
Meta-analysis
We analyzed differences between the 2 groups in operation times, blood loss, complications, NDI, VAS, JOA, C2-C7 ROM, adjacent-segment ROM, and Odom score. Pooled data from the 7 included studies revealed no significant differences in operation times (Table 4 ). However, pooled data from the 4 relevant studies revealed a significant difference in blood loss (Table 4) . We compared the complications between the 2 groups, and the pooled data from the 7 included studies revealed no significant differences in complications ( Figure 3 ).
Two studies reported differences in preoperative and postoperative VAS between the 2 groups. The pooled SMD of preoperative and postoperative VAS were 0.05 and -0.52, respectively (Table 4 ). Three studies reported differences in preoperative and postoperative NDI between the 2 groups. No significant differences in preoperative NDI or postoperative NDI were noted ( Table 4 ).
The pooled data revealed no significant differences in preoperative, postoperative 1-month, postoperative 3-month, or postoperative 6-month C2-C7 ROM (Figure 4 ). However, pooled data revealed a significant difference in postoperative 12-month and last follow-up C2-C7 ROM (Figure 4 ). No significant differences in preoperative superior adjacent segment ROM were noted ( Figure 5 ). However, the pooled data revealed a significant difference in postoperative superior adjacent-segment ROM at 1 month, 3 months, 6 months, 12 months, and the last follow-up superior adjacent-segment ROM ( Figure 5 ). No significant differences in preoperative or postoperative 1-month inferior adjacent-segment ROM were noted ( Figure 6 ). However, compared with the ACDF group, the pooled data revealed significant differences in postoperative inferior adjacent-segment ROM at 3 months, 6 months, 12 months, and the last follow-up in the HS group ( Figure 6 ). Three studies reported Odom score and the pooled date revealed no significant differences in "good" scores between the groups (Figure 7 ).
Sensitivity analysis
We conducted a sensitivity analysis of operation time and blood loss between the 2 groups by eliminating each study sequentially from the relevant data. Stata 12.0 software was used to pool SMD for the remaining studies. The consistent results suggested that no single study significantly altered the combined results (Figures 8, 9 ).
Publication bias
We used Stata 12.0 software to detect publication bias for operation time and blood loss by using Egger's and Begg's tests. No substantial asymmetry was observed in Begg's funnel plot (Figures 10, 11 ). Minimal evidence of publication bias was noted in Egger's regression test (p=0.064 and 0.452, respectively).
Discussion
In the treatment of cervical spondylosis, ACDF has been widely used [19] . With the use of spinal implants, this surgical procedure has enhanced the fusion rates, reduced postoperative immobilization, and improved clinical therapeutic effects [3, 20] . Although ACDF benefits the target level, it may harm the adjacent segments. This feature is particularly prevalent in the case of multiple segments [21] [22] [23] .
Previous studies have demonstrated that a segment fusion increases biomechanical stress and motion at adjacent levels, which may activate or facilitate degeneration at those levels [21, [23] [24] [25] [26] [27] [28] . Theoretically, when fewer segments are fused, there is less compensatory activity in the adjacent segments. Thus, the likelihood of ASD decreases. Brodke and Zdeblick reported that fusion rate in 1-level ACDF is as high as 97% [29] , whereas the fusion rate in 3-level ACDF decreased to 83%. Swank et al. reported that the likelihood of pseudoarthrosis was 10% in 1-level surgery, but in 2-level and 3-level surgeries the rates increased to 44% and 54%, respectively [30] .
If the segment where the surgery was performed maintains mobility, compensatory hyperkinesia is less likely to occur in adjacent segments [3] . Artificial disc replacement (ADR) is reported to diminish ASD [10, 21, [31] [32] [33] [34] [35] [36] [37] . The therapeutic effect of this non-fusion of arthroplasty for retaining motion and reducing hyperkinesia of the adjacent segment has been reported in patients with Klippel-Feil syndrome [36, 38] . However, the biomechanical effect of artificial arthroplasty involving multiple segments, especially 3 or more segments, remains poorly understood. In addition, the clinical effect of this technique has not yet been examined in prospective controlled trials. Arthroplasty is associated with several problems, including high health-care costs, difficult implantation, and prosthesisrelated complications [39] . In addition, ambiguous surgical indications and select patients may restrict its use.
HS incorporates ACDF and artificial arthroplasty. This technique reduces possible complications from multilevel ADR, while preserving cervical motion and largely avoiding the drawbacks of multilevel fusion [40] . Although surgical indication protocols of the North American Spine Society (NASS) and the International Society for the Advancement of Spine Surgery (ISASS) do not approve of ADR adjacent to pre-existing fusion in the USA, several studies have demonstrated that HS currently has a better This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License therapeutic effect than ACDF. Nevertheless, minimal information is available comparing efficacy and safety between HS and ACDF for the treatment of multilevel cervical disc disease and the effect of the combination procedure on adjacent segments. The superiority of HS is not sufficiently demonstrated by the few small-sample studies done to date. Therefore, we conducted a meta-analysis to determine which surgical procedure is optimal for use in multilevel cervical fusion. 
Safety
The pooled data of intraoperative and postoperative parameters suggested that the safety of HS is as good as that of ACDF for multilevel cervical spondylosis. Blood loss in the HS group was lower (p=0.04) compared to the ACDF group. However, no statistically significant difference in operation times (p=0.06) or complications (p=0.75) was found. Of note, the heterogeneity was extremely high. The source of heterogeneity may be the small sample size, differences in follow-up time, unclear assignment of different types (radiculopathy or myelopathy) of cervical spondylosis in the 2 groups, difference in the surgery section, and the presence or absence of iliac bone harvest. We investigated the reliability of these results with a subsequent sensitivity analysis. No single study significantly altered the combined results. We evaluated publication bias by Egger's and Begg's tests and the results revealed little evidence of publication bias. 
